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ABSTRACT

The Alaska Department of Fish and Game (ADF&G) in partnership with Orutsararmiut Native Council (ONC) in
Bethel and Kuskokwim Native Association (KNA) in Aniak have conducted a voluntary survey program to estimate
subsistence salmon harvest for the Kuskokwim Area in 2011 and 2012. Harvest information was collected through
postseason household interviews and harvest calendars. Simple random sampling, stratified random sampling, and
100% census techniques were used, based on community size and user group designations, to select households to
be interviewed. For the communities of Bethel and Aniak, subsistence salmon harvest information was collected by
ONC and KNA respectively. ADF&G surveyed the remaining communities in the Kuskokwim Area. Data from
surveyed communities were applied to estimate the harvest of unsurveyed communities when historical data for the
unsurveyed community existed. In both study years, Kuskokwim Area subsistence users were subject to moderate to
severe restrictions with respect to the harvest of Chinook salmon. In 2011, households were surveyed in 28
communities in the Kuskokwim Area, including most communities along the Kuskokwim River, Kongiganak in
north Kuskokwim Bay, and all communities within south Kuskokwim Bay. Subsistence salmon harvest estimates
for 2011 were: 65,732 Chinook, 55,490 chum, 45,550 sockeye, 33,346 coho, and 739 pink salmon. In 2012, 25
Kuskokwim Area communities were successfully surveyed, including most communities along the Kuskokwim
River and all communities within South Kuskokwim Bay. Subsistence salmon harvest estimates for 2012 were:
25,336 Chinook, 81,912 chum, 50,616 sockeye, 30,221 coho, and 2,160 pink salmon.

Key words:  Chinook Oncorhynchus tshawytscha, chum Oncorhynchus keta, coho Oncorhynchus kisutch, and pink
Oncorhynchus gorbuscha subsistence, salmon, harvest, Bethel, Aniak, Kuskokwim River,
Kuskokwim Bay, Kuskokwim Area.

INTRODUCTION

The purpose of this study is to quantitatively estimate the subsistence harvest of salmon, by
species in the Kuskokwim Management Area, using postseason subsistence salmon harvest
surveys. This study is a continuation of the Kuskokwim Area Subsistence Salmon Monitoring
Program (Monitoring Program; Carroll and Hamazaki 2012b). The Monitoring Program collects
data about the number and species of salmon harvested by area residents. These data are then
analyzed to provide an estimate of the number of salmon harvested for subsistence purposes in
the Kuskokwim Area. This report describes the outcome of surveys for the 2011 and 2012
fishing seasons in the Kuskokwim Area.

The Kuskokwim Area (Figure 1) subsistence salmon fishery is one of the largest in the state in
terms of the number of residents who participate and the number of salmon harvested (Fall et al.
2012). Residents harvest all 5 locally occurring species of Pacific salmon for subsistence
purposes: Chinook Oncorhynchus tshawytscha, chum O. keta, coho O. kisutch, sockeye O.
nerka, and pink O. gorbuscha salmon. Studies conducted in the region by Alaska Department of
Fish and Game (ADF&G) Division of Subsistence indicate that fish contribute as much as 85%
of the total pounds of subsistence fish and wildlife harvested in a Kuskokwim Area community,
and salmon contribute as much as 53% of the total annual subsistence harvest of fish and wildlife
(Simon et al. 2007). Primary gear types used for harvesting salmon include drift gillnets, set
gillnets and rod and reel.

Subsistence salmon harvest practices represent a complicated dynamic between culture, tradition,
salmon biology, and local economy (Simon et al. 2007; Patton and Carroll 2012a). From June
through October, the movement of families from permanent winter residences to summer fish
camps situated along tributaries, sloughs, and along main river channels continues to be very
important in annual subsistence harvest efforts. During these months, daily activities of many
Kuskokwim Area households revolve around subsistence fishing.



There are 38 communities in the Kuskokwim Area, 28 of which are surveyed each year based on
voluntary involvement in the study (Table 1; Figure 1). The majority of the Kuskokwim Area
subsistence salmon harvest (all species combined) occurs in the Lower Kuskokwim River
villages from Eek to Tuluksak (78% based on the last 10 years of unrestricted subsistence
fishing; Figure 2; Appendices A1-A4). The middle Kuskokwim River villages from lower
Kalskag up through Chuathbaluk typically harvest 9% of the total subsistence salmon. The upper
River communities usually harvest about 6% of the total, south Kuskokwim Bay communities
usually harvest 5% of the total, and north Kuskokwim Bay communities usually harvest about
3% of the total, on average (Figure 2; Appendices A1-A4). This is similar to the population
distribution along the Kuskokwim River. In 2010, population percentages for the lower, middle,
upper Kuskokwim River communities, the south Kuskokwim Bay communities, and Kongiganak
on north Kuskokwim Bay were estimated to be 78%, 8%, 4%, 7%, and 3%, respectively (Carroll
and Hamazaki 2012b)

The north Kuskokwim Bay communities of Kwigillingok, Kongiganak, and Kipnuk are not
located on the Kuskokwim River, but some subsistence salmon fishing households from these
communities travel to the Kuskokwim River to fish, in addition to fishing in areas closer to their
communities (Fall et al. 2012). Of these north Kuskokwim Bay communities, only the
community of Kongiganak (92 households in 2010, Carroll and Hamazaki 2012a) has usually
participated in the voluntary ADF&G harvest survey.

The communities of Quinhagak, Goodnews Bay, and Platinum, located in south Kuskokwim
Bay, comprised 7% of the total Kuskokwim Area households in 2010 (Carroll and Hamazaki
2012b). Subsistence fishermen from these communities harvest salmon primarily from the
Kanektok, Arolik, and Goodnews River drainages (Simon et al. 2007).

Subsistence users from Bering Sea coastal communities have not chosen to participate in the
ADF&G Monitoring Program for most years. These include the communities of Mekoryuk (on
Nunivak Island), Newtok, Tununak, Toksook Bay, Nightmute, and Chefornak; and typically
these communities harvest salmon from coastal waters as well as area rivers (Simon et al. 2007).
In 2011, the Association of Village Council Presidents (AVCP) successfully conducted a
subsistence survey of a number of Bering Sea coastal communities, including those listed above
(Wolfe et al. 2012). AVCP has shared the results of this study with ADF&G and other agencies;
however these findings are not included in this report because too few years of data exist for
these villages to make meaningful comparisons between years. If this effort can be continued in
future years, it may be possible to form a baseline by which these communities’ harvest can be
consistently estimated and later be added to the annual subsistence harvest assessment for the
Kuskokwim Area.

At present, subsistence fishermen in the Kuskokwim Area are not required to report their harvest
to ADF&G or to any federal management agencies, and licenses and permits are not required to
participate in the subsistence fishery. With a few exceptions for special management areas (e.g.,
Aniak River), the Kuskokwim Management Area is largely free of subsistence harvest limits.
Legal subsistence fishing gear includes gillnets (which are most common), beach seine, rod and
reel, fish wheel, and spear (5 AAC 01.270). The mesh size used for drift and set gillnets are not
regulated, but aggregate length of gillnets and depth is restricted by regulation.

Annual documentation of the subsistence salmon harvest is necessary to determine whether
salmon are returning in sufficient numbers to the Kuskokwim Area rivers to meet escapement



and subsistence needs. The significance of salmon harvests and uses for subsistence in the
Kuskokwim Area is well documented by ADF&G studies. Since 1960 the Monitoring Program
has estimated salmon harvest primarily through household surveys, and to a lesser extent harvest
calendars and postcard surveys. This information has been used by ADF&G, U.S. Fish and
Wildlife Service (USFWS), the Alaska Board of Fisheries (BOF), and the Federal Subsistence
Board to manage and provide reasonable opportunity for continued customary and traditional
uses of salmon throughout the region. In 2001, the BOF found that the following amounts of fish
were reasonably necessary for subsistence (ANS) in the Kuskokwim River drainage: 64,500 to
83,000 Chinook salmon; 39,500 to 75,500 chum salmon; 27,500 to 39,500 sockeye salmon; and
24,500 to 35,000 coho salmon (5 AAC 01.286.b). A species-specific ANS range provides an
index of the extent to which reasonable opportunity was provided in each subsistence fishery.
The BOF found that the remaining Kuskokwim Area communities, located outside the
Kuskokwim River drainage, traditionally use 7,500-13,500 salmon (not broken down by
species).

The Monitoring Program has changed hands over time, and some alternate datasets exist. Prior to
1988, the Division of Commercial Fisheries (DCF) was responsible for collecting subsistence
salmon harvest information; from 1988 to 2007, the Division of Subsistence conducted harvest
monitoring; and in 2008 the DCF again became responsible for supervision of the program. In
2008, the DCF reexamined existing methods and datasets and changed some aspects of the
methodology. As part of this process, the archived data collected by the Division of Subsistence
from 1990 through 2007 were reviewed and the annual subsistence salmon harvest was
reconstructed using a standardized method. Analysis indicated that the change in methodology
would not unduly bias or affect the accuracy of the results, compared with previous results
(Hamazaki 2011; Carroll and Hamazaki 2012a). During the reconstruction, the original harvest
estimates were expanded to represent the total harvest, including households and communities
that had not been surveyed, and the resulting estimates tended to be somewhat higher than the
original estimates. The difference was attributed to the adoption of 1) a stratified random
sampling design which better represented household fishing patterns within a community; and 2)
a new statistical approach for estimating harvest from unsurveyed or underrepresented
communities, based on each community’s historical harvest patterns (Hamazaki 2011).

The data collected during this survey serves a valuable role to fisheries managers. They are used
for assessing annual run strength of various salmon species, forecasting the strength and age
composition of future runs, setting preseason management plans, and developing long term
management plans, including escapement goals. They also help managers assess subsistence
needs and identify whether harvestable surpluses will be available for subsistence, commercial,
and sport fishing uses (Brazil et al. 2013).

In 2011 and 2012, concerns for Chinook salmon abundance and escapement prompted managers
to institute several preseason restrictions on subsistence salmon harvest (ADF&G 2011; ADF&G
2012a). Preseason measures were in effect in both years from June 1 to July 25. Restrictions
included the closure of several lower Kuskokwim River tributaries to sport and subsistence hook
and line fishing, and subsistence gillnet fishing for salmon (drift or set). Subsistence fishing was
allowed for other species but gillnets were limited to 4 inches or less mesh and 60 feet or less in
length. As each season progressed and Chinook salmon returns appeared weak, managers
instituted further conservation measures via emergency order.



In 2011, subsistence fishing closures occurred in the lower Kuskokwim River mainstem,
consistent with the lower Kuskokwim River fishing district, from June 16 to 19, June 23 to 28,
and June 29 to July 7 (Brazil et al. 2013). From June 30 to July 2, there was an additional closure
of all waters within the local Federal Conservation Unit, extending from the mouth of the
Kuskokwim River to the Aniak River.

Subsistence Chinook salmon fishing closures in 2012 were implemented through a “rolling”
management strategy. Closures started in the lower river, and were progressively implemented in
5 successive sections or reaches upriver, in an attempt to protect a mass of Chinook salmon as
they moved up the Kuskokwim River (ADF&G 2012a). Inseason management actions affected
all communities of the Kuskokwim River with 3 closed periods totaling 14 days of total closure,
followed by 20 days with gillnets restricted to 6 inch or less mesh size (ADF&G 2012b). Dates
in which closure were in effect in each of the 5 rolling closure sections are detailed in the 2012
preliminary Kuskokwim area salmon season summary (ADF&G 2012b).

OBJECTIVES

The goal of the Kuskokwim Area subsistence salmon harvest monitoring program in 2011 and
2012 was to estimate total subsistence salmon harvests in the Kuskokwim Area for consistent
comparison across years.

The objectives of the Fisheries Resource Monitoring Program study number 10-352 are:

1. Estimate the number of Chinook, chum, sockeye, coho, and pink salmon harvested for
subsistence uses by subsistence fishermen in 28 communities within the Kuskokwim
Area.

2. Separately estimate the number of Chinook, chum, sockeye, coho and pink salmon
harvested by the communities of Aniak and Bethel;

3. Document gear types used by Kuskokwim Area subsistence fishermen;

4. Estimate fishing households, community population size, and households receiving
salmon;

5. Document the number of dogs within Kuskokwim Area communities and salmon fed to
dogs.

6. Document household responses relating to meeting of subsistence salmon needs in
surveyed communities;

7. Document reported harvest of non-salmon fish species among fishermen in the
Kuskokwim Area.

METHODS
STUDY DESIGN

In 2011 and 2012, household surveys were attempted in 28 of the 38 communities within the
Kuskokwim Area, including most communities along the Kuskokwim River, Kongiganak in
North Kuskokwim Bay, and all communities within South Kuskokwim Bay. With the exception
of Bethel (simple random sample) and Aniak (census), the postseason subsistence harvest survey
was designed based on stratified random survey methodology for the majority of communities
(Scheaffer et al. 1999). In this survey design, each household was the primary sampling unit. A
household generally consists of one or more people living together in a dwelling and sharing the
same mailing address. Multiple generations living in one dwelling would be considered a single



household. From 1989 to 2010, each household was classified into 3 strata based on the
household’s recent 2 year history of participation in the subsistence fishery as follows:

e Usually fish: a household that participated in subsistence fishing activities at least once
in the past 2 years;

e Usually do not fish: a household that did not participate in subsistence fishing activities
in the past 2 years;

e Unknown: a household that has no harvest record in the past 2 years.

Beginning in 2011, the above household classification was expanded into 5 strata based on each
household’s most recent 2 documented years of participation within the past 5 years of the
subsistence fishery. Classifications were selected based on the following criteria:

e High Harvester: a household that has averaged a harvest of more than 200 salmon per
year, survey coverage 100%;

e Medium Harvester: a household that has averaged a harvest between 101 and 200
salmon per year, survey coverage 100%;

e Light Harvesters: a household that has averaged a harvest between 1 and 100 salmon
per year, survey coverage 30%;

e Usually does not fish: a household that did not participate in subsistence fishing
activities, survey coverage 30%;

e Unknown: a household that has no harvest record within any of the past 5 years, survey
coverage 100%.

The Unknown group was further subdivided into: “true unknown” and “unknown fishing”
households. The “true unknown” households were primarily new households with no harvest
record. The “unknown fishing” households were those classified as fishing households in 2010
surveys, but either had never been surveyed, or had not been surveyed for 5 years prior to 2010.
Two years of harvest records are required to assign a use group to a household. Therefore, these
households remain in the unknown category and are handled the same way as the “true
unknown” households. Otherwise, households with sufficient harvest record (any 2 years of the
past 5), were assigned to their most recent year’s classification.

For this study, “fishing household” was defined as a household that participated in subsistence
fishing activities, such as harvesting and/or processing salmon. The household stratification was
updated prior to the survey and was not re-assigned during the survey year (i.e., no postsurvey
reclassification), with the exception of “unknown fishing” households. From each stratum,
survey households were selected randomly in the following percentages: Heavy Harvester—
100%; Medium Harvester—100%; Light Harvester—30%; usually do not fish—30%;
unknown—100%. When the number of households in each stratum was less than 5 households,
all households in the stratum were surveyed. Likewise, when the total number of households in a
community was less than or equal to 40, all households in the community were surveyed and the
survey method became a census (100% surveyed). In Aniak the survey method was also a
census.

Postsurvey stratification was conducted only on the “unknown fishing” households. Based on
reported harvests, the surveyed “unknown fishing” households were reclassified into
corresponding (High, Medium, or Light) harvesting groups, or strata. Unsurveyed “unknown
fishing” households were classified into “true unknown” households.



In Bethel, a 50% random survey was conducted based on simple random survey methodology
where each dwelling (physical location instead of household) was the primary sampling unit. As
a main hub city of western Alaska, the population of Bethel is highly fluid; a high proportion of
the population moves in and out of Bethel on a regular basis (Krauthoefer 2005). In addition,
people often change dwellings, making it difficult to maintain an accurate and complete
household list. A dwelling list was obtained from the Bethel city planner’s office and fire
department occupant dwellings map and list. This list was ground-truthed and updated prior to
the survey season. Based on the updated list, 50% of occupant dwellings were randomly selected
for survey.

The postseason subsistence harvest surveys were conducted in early autumn because the majority of
salmon fishing was finished, yet fishermen could still recall their harvest numbers because the
season had ended recently. In Aniak and Bethel, the survey was conducted by Kuskokwim Native
Association (KNA) and Orutsararmiut Native Council (ONC), respectively, and the other
communities were surveyed by ADF&G.

Before conducting interviews, all surveyors (including KNA and ONC surveyors) were trained in
surveying techniques, including direction of how to get the best information possible from people
who are not accustomed to quantifying their fish harvest. The surveyors were trained in salmon
species name identification, as local names for salmon vary throughout the drainage. The surveyors
were also briefed on fishery issues or concerns from the recent subsistence and commercial salmon
fishing season, to improve understanding of community members’ reactions and comments during
surveys.

During the survey, the crew contacted community officials to notify them about the project
before arriving in the community to conduct surveys. The household lists were annotated and
corrected as the surveyors completed the survey process in the community. During interviews,
both surveyors and surveyed individuals contributed to the quality of the estimate. Surveyors were
responsible to attempt contact with each selected household, ask questions consistently and
understandably, and foster a cooperative atmosphere. Surveyors attempted to interview a member of
each selected household, preferably the primary harvester. Occasionally, interviews were conducted
with households not pre-selected for the survey. Those households were either 1) “new” or
previously “unknown” households found by surveyors, or 2) voluntarily provided surveyors with
their harvest information.

In Bethel, it was preferred, but was not always possible to contact the selected household. If the
selected households were not available, neighboring households were surveyed. However, only
data from pre-selected households were used for the postseason data analyses (Appendix D).

All survey data was entered into the ADF&G subsistence harvest database, and harvest estimates
were generated for the Kuskokwim Area. All subsistence harvest data was treated as
confidential, such that individual harvest data are not shared and all analysis is aggregate and
anonymous. The study was generally conducted in accordance with the Alaska Federation of
Natives” “Guidelines for Research” (AFN 2012).

THE SURVEY INSTRUMENT

The survey instrument changed very slightly between 2011 and 2012, keeping the same
questions in the same order, but using slightly different wording and placement (Appendices B1
and B2). This was intended to improve the flow of the survey and improve understanding.



Most interview questions were designed to provide a quantitative assessment of each
household’s subsistence salmon harvest. A fishing household was identified by Question 3,
which asked whether anyone in the household harvested salmon for subsistence use OR kept fish
for subsistence from the commercial fishery (Appendices B1 and B2). The surveyor was
instructed to clarify that “harvest” includes any participation in the subsistence fishery, such as
cutting fish. Household harvest included salmon that members of the household gave away, ate
fresh, fed to dogs, or lost to spoilage. To avoid double-counting between households, salmon
received from other households (outside the fishing group) were not considered part of the
household harvest because they were part of the harvest of the household that gave the fish.

Individual household harvests form the basis of salmon harvest estimates for this study;
therefore, an effort was made to differentiate “group harvest” (several households fishing with,
or helping others), from individual household harvest to prevent bias. Households were asked
about their harvest activities, whether they participated in group harvests, or fished alone
(Question 6, Appendices B1 and B2). If surveyors identified a group harvest, they followed up
by asking what portion of the group harvest the individual household had kept for itself
(Question 7, Appendices B1 and B2).This helped to prevent the possibility that a single large
harvest might be reported more than once by more than one member household of the fishing
group defined in Question 6.

Households were also asked whether they had given salmon to other families (outside of the
fishing group); or whether they had received salmon from other subsistence households (outside
of the work group), from a commercial fisherman, or from a test fishery project. Households
were asked how many salmon were harvested for dog food.

Fishermen who did not know the actual number of fish harvested occasionally reporting harvest
in alternative terms, such as the number of 5-gallon buckets, plastic bags, gunny sacks, or
pounds. ADF&G devised a conversion sheet to estimate fish numbers in these circumstances
(Appendix C).

Assessment of whether a household’s subsistence needs were met, for fishing and non-fishing
households, was attempted as follows.

e Respondents were asked the number of fish, by species, the household would usually like to
have or receive to meet their subsistence needs (Question 13, Appendices B1 and B2).

e For those who did not fish, respondents were asked the number of fish, by species, the
household “usually received” or “expected to receive at the beginning of the season” to meet
their subsistence needs.

e For fishing households, the number “usually” harvested was divided by actual household
harvest of fish for fishing households (Question 7).

e For households receiving fish, the number “usually” received was divided by that actually
received (Question 12).

e Results were binned by percentages of harvest goals met: 25%, 50%, 75% and 100%.

Responses were divided into 2 categories,

1) households that participated in harvesting salmon, and
2) households that did not participate in harvesting salmon.

For the purposes of this analysis, responses from the second group were not included. These
households would likely receive salmon later in the year, so an assessment of harvest needs and



success would be premature at the time of the surveys. In order to assess the total number of fish
that are needed for the whole community, the number of fish reported as needed from all
households was expanded to create an overall estimate of how many salmon were needed.

After the households were interviewed, survey forms were reviewed. During this process, forms
from fishing group members, were compared to identify discrepancies. Follow-up calls were
made to try to settle discrepancies. Occasionally, fishing group members simply did not agree on
numbers for salmon harvest. In this event, ADF&G project staff made a judgment on how to best
represent the fish harvest on the appropriate survey forms and priority was always given to
ensuring the accuracy of the household harvest over the group harvest. Data from all surveys was
checked and key entered into the subsistence database. Each record was then rechecked by a
different individual to assure accuracy.

HARVEST CALENDARS

In addition to household harvest survey, subsistence salmon harvest calendars were distributed
by mass mailing to households identified as those who “usually fish” in late April or early May
each year to ensure they were available to fishermen prior to the start of the salmon fishing
season. The calendar has been instrumental for examination of subsistence harvest timing, and
assists fishermen in keeping track of their daily salmon harvest for reference during postseason
surveys.

Calendar mailings were based on the most up-to-date household lists used in the harvest
monitoring program. Extra calendars were kept at the Bethel ADF&G office for distribution as
needed or upon request. In an effort to increase the use and return rate of subsistence calendars,
public service announcements were broadcast on local radio stations inseason reminding
fishermen to keep their calendars up to date and describing the importance of calendars for
documenting subsistence use. Flyers describing the importance of subsistence calendars and the
postseason subsistence survey project were also distributed to local communities for posting in
public locations such as council offices, local stores, and post offices.

Data from the returned calendars were not normally used to directly generate Kuskokwim Area
harvest estimates. On occasion a survey respondent would instruct surveyors to take harvest
numbers directly from a calendar, either given during the survey or mailed in prior to the survey.
Though not included in this report, calendars provide harvest timing data which is important for
making fishery management decisions.

DATA ANALYSIS
Harvest Estimation

Expanded Community Harvest

Subsistence salmon harvest reported by sampled households was expanded to estimate total
community harvest, by species, using a stratified random sampling expansion technique
(Scheaffer et al. 1999). The stratified expansion procedure was performed for a community only
if a sufficient number of households were sampled.

For harvests of each stratum, if 10 or fewer households were surveyed, and the proportion of
surveyed households was less than 0.25 (for non- and light harvesters) or 0.3 (for other strata),
then harvest expansion was not conducted. For estimates of community harvest, if the total
number of surveyed households in each stratum was less than 50 and the proportion of surveyed
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households was less than 0.3, total community harvest was not estimated. Instead, community-
based harvest was estimated using Bayesian methods.

Denote that:

Ny = the number of households in jth (j =5: unknown, usually do no harvest, light
harvest, medium harvest, and heavy harvest) stratum of the kth community;

Ny = the number of surveyed households in the stratum of the kth community;

Yijii = response of ith surveyed household (i = 1 ... ny) in the jth stratum of the kth
community (e.g., the number of fish harvested by a household).

Mean household response in the jth stratum of the kth community (y,;) was calculated as:

Ny

~ |Z=1: Yiii (1)
Y =— —

Ny
Standard error of mean household response (SEy;) was calculated as:

Ny
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The estimate of total harvest of the kth community ('fk ) was calculated as:
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The 95% confidence interval of total community harvest (95% Cly) was calculated as:
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When a single stratum was not surveyed, total harvest of a community ('I:k ) was calculated as:
5
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The 95% confidence interval of total community harvest when a single stratum was not surveyed
(95% Cly) was calculated as:
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The above methods were used for estimation of salmon harvests (Question 7), and the number of
people (Question 2). For the number of fish needed/usually harvested (Question 13), only
harvests of those who subsistence fished were used.

For estimation of the number of subsistence fishing households in each community, the following
expansion method was used.

Denote that

Nkjs) = the number of surveyed households that subsistence fish in the jth stratum of the
kth community; and

Ny = the number of surveyed households in the jth stratum of the kth community.

Then, the proportion of households who subsistence fish in the jth stratum of the kth community
(Bys)) Was calculated as:

A Nyi(s)

P = n (7)
J .

Estimated number of households that subsistence fish in the kth community (Nk(s)) was
calculated as:

~ 5 N
Ny = Z:, Ny Pyj(s) (8)
= .

The 95% confidence interval (95% Cly) was calculated as:
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Harvest estimation of non-surveyed and under-surveyed communities

Harvests of several communities were not estimated every year because surveys were not
conducted or survey data were insufficient. Harvests of those communities were estimated by
employing a Bayesian hierarchical multiple imputation method (Honaker and King 2010; King et
al. 2001). In this method, it was assumed that,

1) events that cause missing harvest data follow a missing at random process (MAR),
and
2) harvest data possess multivariate normal distribution.

10



Under these conditions, harvests of communities in particular years can be estimated from
harvest records of the communities in other years and surrounding communities. For instance,
the 2008 harvest of the community of Tuntutuliak (un-surveyed in that year) was estimated using
its known harvest during 1990-2007, and harvests of other lower Kuskokwim communities. It
should be noted that this estimation method is available and appropriate only for communities
with several years of annual harvest estimates.

Let Dyj.ops be observed data (e.g., average harvest per household) for k communities (1...K) with j
years.

Dyj.obs ~ N (44, Zy) (10)

where py has a normal prior distribution with mean p and variance o, and X is Wishhart
distribution of kxk dimensions.

e ~ N(u,0°)
T, ~W(I,k) -
Then, posterior for pk and Xk were derived as
ﬁk’ik ~ P14, 2y | Dy ons) . (12)
From this predicted value for missing data Dy;.mis were derived as
ISkj.mis ~ P(Dy s | ij.obs’ﬁk’ik) ' (13)

For grouping of the k communities, geographic subareas of the Kuskokwim Management Area
were used: 1) lower Kuskokwim River and Kongiganak; 2) middle Kuskokwim River; 3) upper
Kuskokwim River; and 4) South Kuskokwim Bay.

In applying the above method, log-transformed annual average number of fish harvested per
household Dy = log(Tw/Nk+1) was used. This was based on the following assumptions: 1) fishing
characteristics of communities (e.g., proportion of fishing households, fishing demands, fishing
efforts, etc.) are constant over time, and 2) changes in average household harvests are primarily
due to abundance of fish or fishing regulations affecting all communities.

For the Bayesian estimation, WinBUGS 1.4.3 (Lunn et al. 2000) with default initial values were
used. A total of 55,000 imputations were generated (after discarding 5,000 initial burn-in
iterations) and the mean value of these imputations was calculated. The resulting mean
household harvest was back-transformed and multiplied by the number of households in the
community that year to estimate the unknown total community harvest. Total community harvest
was calculated as:

ﬁj =Ny eXp(ISkj.mis) (14)

and its 95% confidence interval was estimated as:

95%Cl = N,, exp‘%l.96-1/V(I5kj.mis)) (15)
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where V(ISQJ.“S) is the standard deviation of the Bayesian estimate.

Total Kuskokwim Area Harvest

Total number of salmon harvested in the Kuskokwim Area (f) was estimated by summing
harvest estimates of all communities,

T=>T, (16)
k=1
and its 95% confidence interval (95% CI) was calculated as

959%C = t g gps.n1) YV (T) where V(T) = SV (T,). (17)
k=1

RESULTS
HOUSEHOLD SELECTION AND SURVEY

The Kuskokwim Area results reported here include communities located along Kuskokwim
River, Kongiganak (2011 only) in north Kuskokwim Bay, and the South Kuskokwim Bay
communities. The Bering Sea Coast communities and north Kuskokwim Bay communities of
Kipnuk and Kwigillingok were not part of the voluntary survey process and estimates of their
harvests were not otherwise possible; therefore, no data are reported for those communities.

2011

Partners ONC and KNA were successful in their sampling efforts in 2011. Bethel subsistence
surveys were conducted by ONC from October through November. In 2011, ONC contacted 881
(42%) of 2,087 occupied dwellings, including 438 (53%) that had been preselected for survey,
and 443 that were not selected (Table 2). As discussed previously, the non-selected households
were discarded from the analysis due to an identified bias among the non-selected households in
that community. (Appendix D). The selected household represented 21% of Bethel dwellings.

Aniak subsistence surveys were conducted by KNA from October through December, 2011.
KNA contacted 169 (93%) of 182 households (Table 3). Of these, 153 had been preselected for
survey and 16 households were randomly encountered (Table 2). Unlike Bethel, Aniak is a
census survey and non-selected households were not excluded from the analysis.

In 2011, ADF&G door-to-door surveys were conducted from the first week of October through
November, and were completed in most intended communities including: Eek, Tuntutuliak,
Napakiak, Napaskiak, Oscarville, Nunapitchuk, Atmautluak, Kasigluk, Kwethluk, Akiak,
Akiachak, Tuluksak, Lower Kalskag, Upper Kalskag, Chuathbaluk, Crooked Creek, Red Devil,
Sleetmute, Stony River, McGrath, Takotna, Nikolai, Quinhagak, Goodnews Bay, and Platinum.
Lime Village, probably the most remote of Kuskokwim River communities, was not surveyed
due to weather constraints, however, this provided an opportunity to survey Takotna, a village
that had not been selected, but had also not been surveyed in many years. All targeted north and
south Kuskokwim Bay communities selected were successfully surveyed. These included
Kongiganak, Goodnews Bay, Platinum, and Quinhagak. Overall, ADF&G contacted 1,315
(67%) of 1,972 households in targeted communities (Tables 2 and 3).
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Twenty-eight of 38 total communities within the study area were surveyed door-to-door in 2011
(Table 2). In total, 2,265 households were surveyed, and of these, 1,822 were used in this
analysis. Sixty-seven percent of households selected for survey (1,615) were successfully
contacted. The remaining 159 surveyed households were unknown/new households that were
randomly encountered and surveyed (Table 2). Surveys from 43% of all households in the
Kuskokwim Area were used in the 2011 analysis. Data entry of all surveys was completed near
the end of March 2012.

2012

Similar to 2011, partners ONC and KNA were successful in their sampling efforts in 2012.
Bethel subsistence surveys were conducted by ONC from October through November, and 888
dwellings were contacted, 41% of 2,128 occupied dwellings, including 447 (53%) that had been
preselected for survey, and 441 that were not selected (Table 4). Again, the non-selected
households were discarded and only the selected households were used for analysis. In all,
surveys from 21% of occupied Bethel dwellings were used in the analysis (Table 5).

In 2012, Aniak subsistence surveys were conducted by KNA from October through December.
KNA contacted 155 (83%) of 187 households; including both preselected and non-selected
households (Tables 4 and 5). Again, non-selected household are included in the Aniak census,
and do not create a bias in this community.

In 2012, ADF&G surveys were conducted from mid-September through mid-November, and
were completed in 23 of 26 targeted communities from lower to upper river: Eek, Tuntutuliak,
Napakiak, Napaskiak, Oscarville, Nunapitchuk, Atmautluak, Kasigluk, Kwethluk, Akiachak,
Tuluksak, Lower Kalskag, Upper Kalskag, Chuathbaluk, Crooked Creek, Red Devil, Sleetmute,
Lime Village, McGrath, Nikolai, Quinhagak, Goodnews Bay, and Platinum. ADF&G was denied
access to the village of Kongiganak and was advised not to visit the villages of Stony River and
Akiak. Phone surveys were conducted for Akiak and Stony River, but were insufficient to
provide reliable estimates. Takotna was not targeted for survey in 2012 (Tables 4 and 5). Overall,
ADF&G contacted 884 (45%) of 1,979 households in targeted communities.

Twenty-three of 38 communities were surveyed door-to-door in 2012 (Table 4). In total, 2,010
households were surveyed; and of these, 1,569 were used for the analysis. Sixty-one percent of
households selected for survey (1,422) were successfully contacted (Table 4). The remaining 147
households were unknown/new households that were randomly encountered and surveyed (Table
4). Surveys from 37% of all households in the Kuskokwim Area were used in the analysis in
2012. Data entry of all surveys collected was initially completed near the end of March 2013,
and additional error checking and data quality control extended the data entry period until June
of 2013.

HARVEST ESTIMATES

For 2011, survey results were stratified and expanded for each community (Tables 6-10). The
salmon harvest for Lime village, not surveyed in 2011, was estimated using Bayesian methods as
described above (Table 3). The total expanded salmon harvests by species for the Kuskokwim
Area (in communities for which estimates could be made) were 65,732 (95% CI +/-4,380)
Chinook; 55,490 (95% CI +/-6,369) chum; 45,550 (95% CI +/-3,224) sockeye; 33,346 (95% ClI
+/-4,139) coho; and 739 (95% CI +/-198) pink salmon (Table 3). Overall, approximately 200,857
salmon were harvested in 2011 for subsistence use (Table 3).
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For 2012, survey results were also stratified and expanded for each community (Tables 11-15).
The salmon harvest for Kongiganak, Akiak, Stony River, and Takotna (not surveyed in 2011),
was estimated using Bayesian methods as described above (Table 5). In 2012, survey results
were stratified and expanded for each community (Tables 11-15). The total expanded salmon
harvests by species for the Kuskokwim Area (in communities for which estimates could be
made) were 25,336 (95% CI +/-1,897) Chinook; 81,912 (95% CI +/-8,341) chum; 50,616 (95%
Cl +/-3,964) sockeye; 30,221 (95% CI +/-4,395) coho; and 2,160 (95% CI +/-801) pink salmon
(Table 5). Overall, approximately 190,245 salmon were harvested in 2012 for subsistence use
(Table 5).

Harvest estimates for households that participate in commercial fishing include salmon retained
for subsistence use from that activity. Salmon retained from commercial fishing were most
commonly reported in the areas within or adjacent to commercial fishing districts, such as north
and south Kuskokwim Bay and the lower Kuskokwim River (Tables 16-17). In both 2011 and
2012, in the interest of conserving Chinook salmon, commercial fish buyers in the area chose not
to purchase Chinook salmon to encourage retention for subsistence use, and to discourage
targeting of Chinook salmon by commercial fishermen. In 2011, the most commonly retained
species from commercial harvests was Chinook salmon, followed by coho, sockeye, and few
chum or pink salmon (Table 16). In 2012, however, the most commonly reta